Botryosphaeria spp. recently have been identified as important grapevine pathogens worldwide. To date, Botryosphaeria rhodina has been the only species associated with cankers on Vitis vinifera in California. A field survey of 166 vineyards in 21 counties was conducted in order to determine the occurrence of other Botryosphaeria spp. in California. In all, 1,735 samples of cankered trunks, cordons, and spurs were collected. Botryosphaeria spp. were the most common fungi isolated from grapevine cankers in California. Morphological identification along with phylogenetic analysis of the internal transcribed spacer region (ITS1-5.8S-ITS2) of the nuclear ribosomal DNA (rDNA) and a partial sequence of the β-tubulin gene showed that at least seven Botryosphaeria spp. occur on grapevines in California: B. australis, B. dothidea, B. lutea, B. obtusa, B. parva, B. rhodina, and B. stevensii. Botryosphaeria spp. were found in grapevine cankers in all grape-growing regions surveyed in California, whereas incidence and distribution varied with location. Grapevine cankers in California have been associated mainly with Eutypa dieback. However, the frequent recovery of Botryosphaeria spp. from cankers in this study indicates that the role of these fungi in grapevine health needs to be more carefully considered.
The California grapevine industry (wine, raisin, and table grapes) presently comprises over 345,200 ha and is the third most important agricultural commodity in the state, producing an annual crop valued at over $2.3 billion (40) . Fungal trunk diseases have become a growing threat to grapevines in California and throughout the world. Trunk diseases of grapevine are caused by fungal pathogens that invade through pruning wounds located on the woody parts of the plant. Symptoms include a slow decline and dieback of the vine as a result of interruption of xylem conductivity or toxin production (19) . Trunk diseases principally include black measles (esca), Eutypa dieback, young vine decline, and other diseases caused by Botryosphaeria spp. (19) . Trunk diseases reduce yields and increase production costs. Production costs are increased as a result of cultural and chemical preventive measures as well as removing diseased wood from the vine after infection (9) . In California, the overall loss in net income for wine grape caused by Eutypa dieback and Botryosphaeria canker disease was estimated to be over $260 million per annum (32) .
Botryosphaeria spp. occur on a large number of hosts and have a wide geographical distribution (26, 42) . Since this genus was introduced in 1863 (Ces. & De Not.), different species of Botryosphaeria have been well established as cankercausing agents in several woody plants (26, 27) . However, their association with dieback in grapevine has been overlooked for many years because Botryosphaeria spp. have been largely considered saprophytes or secondary colonizers in grapevines (25) . To date, 13 Botryosphaeria spp. have been reported to cause disease symptoms in grapevines in different production regions worldwide, but only in the last decade has the significance of these fungi as grapevine pathogens been recognized (25, 37, 41 (16, 25, 41) .
Botryosphaeria spp. frequently have been isolated from grapevines showing decline or dieback symptoms in Egypt (5), California (9, 14) , Arizona, Mexico (13) , Hungary (15) , France (12) , Italy (29) , Portugal (23) (24) (25) , Spain (16, 39) , South Africa (41), Chile (1), and Australia (2, 37) . Pathogenicity and epidemiology of Botryosphaeria spp. in vines have been the subject of confusion for many years (25, 41) . Virulence and symptoms caused by Botryosphaeria spp. on grapevines have been reported to be different depending on cultivars and countries. For example, B. dothidea, B. obtusa, and B. stevensii were found to be the cause of "black dead arm" in France. The disease was characterized by wood streaking and red patches at the margin of the leaves, with large areas of chlorosis and deterioration between the veins (12) . In contrast, no symptoms of black dead arm were found associated with the same species on grapevines in Portugal (23, 25) .
The best example of controversy concerning pathogenicity of Botryosphaeria spp. occurs with B. obtusa. Although this species has been reported as virulent on grapevine in Chile (1), New South Wales region in Australia (2) , and South Africa (41) , it has been considered weakly pathogenic in Portugal (25) . In another study, B. obtusa did not cause any symptom on inoculated grapevine cuttings in Western Australia (37) . Several vascular and foliar symptoms attributed to Botryosphaeria spp. in grapevine, such as perennial cankers, trunk dieback, wood necrosis, vascular streaking and mild chlorosis, or wilting of the leaves, have been described (12, 25, 41) , but they often are difficult to distinguish from symptoms caused by other fungal pathogens, such as Eutypa lata (Pers.:Fr.) Tul. & C. Tul. (2) , E. leptoplaca (Mont.) Rappaz (38) , and Phomopsis viticola (Sacc.) Sacc. (2, 24) . Thus, the relationships between Botryosphaeria spp. and grapevine disease symptoms have been difficult to determine.
To date, grapevine trunk diseases in California have been associated mainly with E. lata, Phaeomoniella chlamydospora, and different species of Phaeo-acremonium causing Eutypa dieback, Petri disease, and esca (black measles), respectively (6, 19, 31, 32) . New findings also have shown two species of Cylindrocarpon to be the cause of black foot disease of Californian grapevines (21) . However, the role of Botryosphaeria spp. on grapevines in the state has remained largely unknown. Of the Botryosphaeria spp. that are recognized to occur on grapevine worldwide, B. rhodina was the only species reported from Californian grapevines (14, 35, 43) . It is associated with wedge-shaped cankers and grapevine dieback in California and the disease it causes has been known locally as "Bot canker." B. rhodina is now considered an endemic pathogen in arid climate regions of southern California (10) .
The objectives of this study were to (i) identify the species of Botryosphaeria associated with canker symptoms in Californian grapevines based on morphological and molecular characteristics and (ii) determine their geographic distribution in California vineyards.
MATERIALS AND METHODS
Field survey, fungal isolation, and data analysis. Between 10 and 15 perennial cankers from spurs, cordons, or trunks were collected from different grapevines in each surveyed vineyard (Fig. 1a-c) . In all, 1,735 samples were collected from 166 vineyards in 21 counties throughout California between 2003 and 2005. Samples were obtained from 111 and 55 vineyards from the predominant wine and tableraisin grape cultivars of California, respectively. Grapevine samples were cleaned of loose bark and surface disinfested in 10% sodium hypochlorite for 10 min. After air drying, the surface tissue was cut away to expose both sides of the canker. Small pieces of tissue from both sides of the canker were placed on 85-mm-diameter petri dishes containing 4% potato dextrose agar (PDA) (Difco Laboratories, Detroit) amended with tetracycline hydrochloride (0.01%) (Sigma-Aldrich, St. Louis) (PDAtet). Cultures were incubated at room temperature until fungal colonies were observed. Pure cultures of Botryosphaeria spp. were obtained by excising a hyphal tip from colony margins emerging from the tissue pieces onto fresh plates of PDA-tet.
Statistical analysis was performed in order to determine the relationship between the incidence of Botryosphaeria spp. and grapevine regions, grapevine age, and grapevine cultivar. Data were analyzed using analysis of variance (ANOVA) on the proportion of samples yielding Botryosphaeria spp. from each vineyard (ANOVA using PROC GLM, SAS System, version 8.1; SAS Institute, Cary, NC). To satisfy the assumptions of the ANOVA, the arcsine transformation of the proportion was used (Y = 2 × arcsine p ). Homogeneity of variance was assessed using Levene's test. Tukey's test was used for treatments means comparisons. Vineyards from 21 counties were split into eight grapevine regions (Table 1) .
Morphological characterization. Botryosphaeria spp. isolated from cankers were identified tentatively based on colony morphology and conidial characteristics reported in previous studies (20, 25, 33, 37) . Botryosphaeria isolates first were divided based on colony morphology. The color and growth from these isolates were recorded during 15 days of growth on PDAtet at 25ºC in a 12-h light-and-dark cycle, illuminated by fluorescent and nearultraviolet light (366 nm). Characteristics of conidial morphology in 30 Botryosphaeria isolates also were observed after placing cultures on 2% water agar (Difco Laboratories) containing autoclaved grapevine wood chips. Isolates were incubated at 25ºC under intermittent light (12 h) for 5 weeks to induce sporulation (41) . The length and width of 60 conidia per isolate were measured with the aid of a compound microscope (Nikon Inc. Instruments Group, Melville, NY) using the imaging device SPOT RT software (v3.5.1, SPOT; Diagnostic Instruments Inc., MI). Mean and standard deviation of the conidial measurements were obtained using summary statistics in SAS and compared with those previously reported for Botryosphaeria spp. Conidial color, shape, and presence or absence of septation also were recorded.
Botryosphaeria isolates selected for conidial characterization also were used to determine the effect of temperature on colony growth. A 5-mm-diameter plug from the growing margin of a 3-day-old colony was placed in the center of an 85-mm-diameter PDA-tet petri dish, and three replicates of each isolate were incubated separately at 5, 10, 15, 20, 25, 30, 35 , and 40ºC in the dark. Colony diameter was measured after 2, 3, and 4 days of incubation, and data were converted to radial growth in millimeters (30) . The experiment was conducted twice. Radial growth values after 48 h versus temperature were adjusted to regression curves using the Rat- kowsky model (28) 
, where r is the square root of the radial growth, b is a regression coefficient of the square root of growth rate constant versus degrees Kelvin for temperatures below the optimal temperature, T min and T max are the minimum and maximum temperatures, respectively, at which the rate of growth is zero, whereas c is an additional parameter to enable the model to fit the data for temperatures above the optimal temperature (28) . Nonlinear least squares were used to obtain the regression curves and optimum temperatures were calculated using numerical maximization (analyses performed using R version 2.2.0; Free Software Foundation, Inc., MA). Optimum temperature was defined as the temperature that produced maximum radial growth. ANOVA was used to determine the effects of radial growth difference by species at the optimum temperature after 48 h.
DNA isolation, amplification, and phylogenetic analyses. Total genomic DNA from the Botryosphaeria isolates selected for morphology study was extracted from pure cultures as described by Cenis (3) ( Table 2) . Once DNA was obtained, oligonucleotide primers ITS4 and ITS5 were used to amplify and sequence the internal transcribed spacer (ITS) region, including the 5.8S (44) . Partial sequence of the β-tubulin (BT) gene, BT2, was amplified using primers Bt2a and Bt2b (8) . Polymerase chain reaction (PCR) reactions were carried out in a thermal cycler (PTC 200; M. J. Research Company, Watertown, MA) as follows: an initial preheat for 2 min at 94ºC, followed by 35 cycles of denaturation at 94ºC for 60 s, annealing at 58ºC for 60 s, and extension at 72ºC for 90 s. The PCR amplification products were separated by electrophoresis in 1.2% agarose gels in 1.0× Tris-boric acid-EDTA (TBE) buffer and photographed after staining with ethidium bromide for 10 min. PCR products were purified using the QIAquick PCR purification kit (Qiagen Inc., Valencia, CA). ITS and β-tubulin regions were sequenced in both directions by the University of California, Davis, Division of Biological Sciences (DBS) sequencing facility.
Sequences were edited using the software program Sequencher (version 4.1; Gene Codes, Ann Arbor, MI) and manually aligned using the computer software BioEdit sequencer alignment editor (version 7.0.0; Tom Hall, Isis Pharmaceuticals, Inc., Carlsbad, CA). Alignment gaps were treated as missing data. Whenever possible, sequences of Botryosphaeria spp. from grapevine and other hosts from previous studies available in GenBank were included in our analyses (Table 3) . Separate phylogenetic analyses were run for the ITS dataset alone, β-tubulin dataset alone, and combined ITS and β-tubulin datasets using PAUP (version 4.0b10; Sinauer Associates, Inc., Sunderland, MA; 36). Guig- narda philoprina (Berk. & Curt.) Van der Aa and Mycosphaerella pini Rostr. in Monk were used as outgroups for all analyses. In order to determine whether the ITS and β-tubulin sequence data could be combined, the partition homogeneity test was performed with 1,000 replicates in PAUP. Maximum parsimony for all analyses was performed using the heuristic search option (branch swapping NNI), and 1,000 random addition sequences replicates. Bootstrap values were evaluated using 1,000 replicates to test branch strength. Tree length, consistency index (CI), retention index (RI), rescaled consistency index (RC), and homoplasy index (HI) also were recorded for all analyses.
Resulting trees were printed in PAUP version 4.0b10. ITS and β-tubulin sequences from Botryosphaeria spp. found in California were deposited into GenBank. Botryosphaeria spp. isolated from grapevines in California are maintained in the collection in the Department of Plant Pathology at the University of California, Davis, and representative isolates of each species were placed in the American Type Culture Collection (ATCC).
RESULTS
Field survey, fungal isolation, and data analyses. Botryosphaeria spp. were found in 148 of 166 vineyards sampled and were isolated from 818 of 1,735 cankers (Table 1 ). In 638 of 818 cankers yielding Botryosphaeria spp., it was the only fungus isolated from decayed wood tissue; whereas, in 180 cankers, Botryosphaeria spp. were co-isolated with other known grapevine wood fungal pathogens (Table  1) . Botryosphaeria was the most abundant fungal genus isolated from grapevine cankers in California, followed by Eutypa lata, Phomopsis viticola, and another currently unidentified Phomopsis spp. Phaeomoniella chlamydospora and various species of Phaeoacremonium occasionally were isolated from cankers as well. Other sporadically isolated fungi from cankers in California were a Clonostachys sp., Truncatella angustata, Alternaria alternata, a Pestalotia sp., and the teleomorphs of Phomopsis spp., Diaporthe helianthi, and D. phaseolorum.
Incidence of Botryosphaeria spp. varied according to grapevine regions. It was significantly greater in south and central coast areas than in the other grapevine regions surveyed (P < 0.001). High incidence of Botryosphaeria infection from cankers also was found in the north coast, mountain counties, Sacramento Valley, northern San Joaquin Valley, and southern California (desert area). The lowest incidence of Botryosphaeria spp. in cankers was found in the southern San Joaquin Valley grapevine region (Table 1) . Regions with a high incidence of Botryosphaeria spp. (north coast, central coast, south coast, mountain counties, and northern San Joaquin Valley) generally had a low rate recovery of E. lata from cankers (Table 1 ). In the other grapevine region with a high incidence of Botryosphaeria infection, Riverside County, E. lata was entirely absent (Table 1 ). In the southern San Joaquin Valley, the incidences of both Botryosphaeria spp. and E. lata were low Table 1 ).
To test for a relationship between vineyard age and the occurrence of Botryosphaeria spp., vineyards were divided into three groups: 10 to 20, 21 to 30, and >30 years of age. Based on ANOVA, there was no significant relationship between inci- dence of Botryosphaeria spp. and vineyard age (P = 0.807). Botryosphaeria spp. were isolated from nearly 45% of the cankers collected from both the 10-to 20-and 21-to 30-year-old vineyards and from 50% of cankers in vineyards >30 years old. In addition, the effect of wine grape (Cabernet Sauvignon, Cabernet Franc, Chardonnay, Chenin Blanc, French Colombard, Merlot, Shiraz, Sauvignon Blanc, and Zinfandel) and table-raisin grape (Flame, Thompson Seedless, Red Globe, and Perlette) cultivars on the incidence of Botryosphaeria spp. was not significant (P = 0.9883).
Morphological characterization. A total of 44 isolates of Botryosphaeria, representative of the different regions sampled, were divided into groups based on their appearance in culture ( Table 2) . Eleven isolates were characterized by abundant aerial and fast-growing mycelium that covered an 85-mm-diameter petri plate in 48 h at room temperature. With age, mycelium became dark green and single or grouped, large (reaching up to 4 to 5 mm wide), black, globose fruiting bodies (pycnidia), with or without stroma, with central ostioles that were observed after 10 days of incubation at room temperature. All these characteristics were consistent with the description of B. rhodina (13, 37) . Conidial morphology and DNA analyses also identified these isolates as B. rhodina (see below).
A second group of 12 isolates also produced dark-green colonies, but moderate aerial mycelium growth. In 9 of the 12 isolates, single, small, dark-brown and black pycnidia were observed in young cultures (7 days old). These isolates also were identified as B. obtusa based on conidial characteristics. The remaining three isolates, which produced no fruiting bodies, later were identified as B. stevensii based on conidial morphology and sequence data.
A third group of eight isolates initially produced white-cream colonies; however, after 4 days of incubation at room temperature, a characteristic yellow pigment at the center of the colony was observed on the reverse of the culture. This is a typical characteristic of B. lutea and B. australis according to published descriptions (20, 25, 33, 37) . Both species were identified based on conidial morphology and sequence data. Six isolates of B. lutea became dark green after 10 days of incubation, whereas two isolates of B. australis produced light-gray, pale mycelium, but the reverse of the colony turned dark green. Colony morphology of B. australis isolates was well differentiated from B. lutea colonies due to the formation of a dense, fluffy, aerial mycelium in the center becoming flat around the edges of the colony. Presence of microconidia in B. lutea isolates was another characteristic that differentiated this species from B. australis.
The last group, comprising 13 isolates, developed a white aerial mycelium which gradually turned green to dark green after a 4-to 5-day incubation period at room temperature. Of the 12 isolates, 8 formed individual, small, black pycnidia after 3 weeks of incubation at room temperature and were determined to be B. dothidea based on conidial morphology from those pycnidia and DNA analysis. For the five remaining isolates, dark, globose pycnidia embedded in stroma tissue were observed after 6 weeks of incubation. Conidial characteristics and DNA sequence data identified isolates in this group as B. parva.
All isolates of Botryosphaeria could be separated into two groups based on conidial characteristics. One group was characterized by production of pigmented and thick-walled conidia, and included B. rhodina, B. obtusa, and B. stevensii ( Fig.  2a-d) . The second group, characterized by the production of hyaline and thin-walled conidia, comprised B. dothidea, B. australis, B. parva, and B. lutea (Fig. 2e-h ).
Conidial dimensions recorded for Botryosphaeria spp. from California are shown in Table 4 , along with previously reported values (12, 20, (25) (26) (27) 34, 37) .
Radial growth values were plotted versus temperature (Fig. 3 , only representative isolates shown). All isolates grew over a range of temperatures (10 to 40ºC), but the optimal temperature varied depending on the species. Botryosphaeria spp. did not grow at 5ºC and, with the exception of B. rhodina, they exhibited only very slight growth at 40ºC (Fig. 3) . The estimated temperatures at which each Botryosphaeria sp. reached the maximum radial growth were 30.8ºC for both B. rhodina and B. dothidea, 29.4ºC for B. lutea, 28.2ºC for B. parva, 27.8ºC for B. australis, 26.8ºC for B. obtusa, and 24.8ºC for B. stevensii. Growth rates significantly differed between the species of Botryosphaeria at the optimum temperatures (P < 0.001) (Fig.  4) . Among the Botryosphaeria spp. tested, B. rhodina had the highest mycelial growth rate at the optimum temperature after 48 h, whereas B. australis exhibited the lowest growth at its optimum temperature (Fig.  4) . There was no significant variation between isolates of the same species at each specific temperature. All isolates of B. rhodina included in this study started to produce a red pigment (chromogenesis) in the agar or the aerial mycelium after 2 weeks of growth at 35ºC. No chromogenesis was observed in the other Botryosphaeria spp. examined.
Phylogenetic analyses. ITS sequences of Californian Botryosphaeria isolates from grapevine (Table 2) were aligned with GenBank ITS sequences of Botryosphaeria isolates from grapevine and other hosts (Table 3) . Of the 573 nucleotides analyzed, 107 were parsimony informative. Maximum parsimony analyses of the ITS region resulted in one most parsimonious tree (length = 341, CI = 0.839, RI = 0.978, RC = 0.820, and HI = 0.161; Fig. 5 ).
The ITS phylogenetic tree included two well-separated clades. Botryosphaeria spp. having pigmented and thick-walled conidia formed a strongly supported clade, with a bootstrap value of 98%. These species have Diplodia anamorphs and included B. rhodina, B. obtusa, and B. stevensii. B. rhodina formed a strongly supported clade (90%) that was a sister clade to the one containing B. obtusa and B. stevensii (Fig.  5) . B. obtusa isolates from California had nearly identical sequences and were grouped together with Australian, French, Fig. 3 . Temperature effect on colony growth of the most representative isolates of Botryosphaeria spp. from California. Black straight lines indicate the estimated optimum growth temperature.
and Portuguese grapevine isolates (Fig. 5) . Botryosphaeria spp. with hyaline and thinwalled conidia resided in a separate clade supported at 60%. These species included B. dothidea, B. lutea, B. australis, and B. parva, which all have Fusicoccum spp. anamorphs (Fig. 5) . Within this group, there was no variation in the DNA sequences of B. dothidea, which formed a well-supported (100%) sister group to one comprising B. lutea, B. australis, and B. parva (Fig. 5) . B. australis showed a close relationship to B. lutea. Isolates of B. lutea and B. australis from California and other areas of the world did not show variation in ITS sequences, except for the B. australis isolate (CMW3386) from Queensland, Australia. Californian isolates of B. parva contained no variation in the DNA sequences and were grouped with one isolate from Vitis vinifera from Portugal (Fig. 5) .
β-Tubulin sequences from our grapevine isolates were aligned with 31 GenBank sequences of representative Botryosphaeria spp. (Table 3 ). Of the 415 nucleotides analyzed, 95 were parsimony informative. The maximum parsimony analyses yielded one most parsimonious tree (length = 320, CI = 0.85, RI = 0.965, RC = 0.82, and HI = 0.15). β-Tubulin tree topology (Fig. 6 ) differed from the topology of the ITS tree (Fig. 5) by showing a polytomy at the most basal node of the tree, which separates Botryosphaeria spp. from the outgroup. The β-tubulin phylogenetic tree included Botryosphaeria spp. with pigmented and thick-walled conidia in a well-separated clade with a bootstrap value of 74% (Fig.  6) . Botryosphaeria spp. with hyaline and thin-walled conidia were separated into two different clades. B. dothidea isolates formed a separate clade with bootstrap value of 100% from all other species with Fusicoccum-type conidia, which resided in a different clade supported at 66% (Fig. 6 ). Botryosphaeria isolates with Fusicoccum anamorphs from California had identical β-tubulin sequences and grouped together with the Culture Collection Forestry and Agricultural Biotechnology Institute, University of Pretoria, South Africa (CMW) collection isolates included in the analysis (Fig. 6) .
A partition homogeneity test indicated that the ITS and β-tubulin datasets could be combined (P = 0.83). Of the 987 nucleotides analyzed, 208 were parsimony informative. The maximum parsimony analyses yielded one most parsimonious tree (length = 678, CI = 0.854, RI = 0.971, RC = 0.829, and HI = 0.146). The topology of this tree (Fig. 7) was consistent with the topology of the ITS tree (Fig. 5) . Botryosphaeria spp. with Diplodia-type conidia (pigmented and thick walled) formed a highly supported clade (95%). Isolates representing individual species within this cluster, B. rhodina, B. obtusa, and B. stevensii, were contained in strongly supported individual clades with bootstrap values of 100, 99, and 83% respectively (Fig. 7) . B. obtusa isolates from California grouped together, showing DNA sequence variation from the B. obtusa isolates from the CMW collection (Fig. 7) . (Fig. 7) . B. parva isolates from California grouped together, diverging from the B. parva isolates from the CMW collection included in the analysis (Fig. 7) .
Distribution rhodina, and B. stevensii. At least one Botryosphaeria sp. was found in all counties sampled in this study (Fig. 8) (Fig. 8) . B. australis was isolated only from cankers from one vineyard in Sonoma County. None of these species were found throughout the coastal and southern viticulture regions sampled (Fig. 8) . B. stevensii was found in only two vineyards located in Madera and Santa Barbara Counties. B. rhodina was found mainly on grapevines from Coachella Valley in Riverside County. However, some isolates of B. rhodina also were found in Merced, Madera, Kern, and Santa Barbara Counties (Fig. 8) . B. rhodina was not isolated from the northern grapevine areas of California. Isolates of B. lutea were only found in five vineyards in Temecula Valley, the other grapevine region sampled within Riverside County.
DISCUSSION
This study constitutes the first attempt to assess the presence and diversity of Botryosphaeria spp. on grapevine in California. Based on morphological characters and partial sequence analysis of two genes, seven Botryosphaeria spp. were isolated from cankers of grapevines in California from all the major grape-production areas. The associations of B. australis, B. dothidea, B. lutea, B. obtusa, B. parva, and B. stevensii with grapevines in California have not been reported before. Only B. rhodina previously was recognized as a pathogen of grapevine in southern California (14) .
All the Botryosphaeria spp. found in California have been reported in other grape-growing areas worldwide, and they are associated mainly with a broad range of grapevine symptoms other than cankers. These symptoms include vascular streaking, cane bleaching, graft failure, bud necrosis, limited or no bud burst, and canes with stunted or shortened internodes (12, 25, 29, 37) . However, previous studies also have associated Botryosphaeria spp. with cankers. For example, B. rhodina and B. obtusa frequently have been isolated from cankers in South Africa (41) and Australia (2, 37) . In Western Australia, B. australis and B. stevensii also were associated with wedge or half-moon shaped internal lesions of grapevines (37) . In Brazil, B. dothidea is known to cause "trunk canker" (7) and, in France, B. dothidea, B. obtusa, and B. stevensii also were isolated from sectorial vascular necrosis (12) . B. obtusa has been reported to cause basal canker in cv. Red Globe in Chile (1) . The present study also confirms the presence of B. parva and B. lutea in grapevine cankers.
Vascular cankers and subsequent dieback in California grapevines have been attributed mainly to E. lata and occasionally to Bot canker disease, caused by B. rhodina. However, we recovered Botryosphaeria spp. from cankers more often than E. lata, indicating that the former may be a more important cause of grapevine dieback than previously recognized. In part, this may reflect difficulties in distinguishing between vascular cankers caused by Eutypa spp. from those caused by Botryosphaeria spp. (2, 13, 38) . Previous work has indicated that P. viticola is not a cause of cankers (18) . However, the high incidence of this fungal pathogen isolated from cankers in the southern San Joaquin Valley region underscores its important association with cankers in California.
Whether it is acting as a saprobe or is a weak pathogen on highly susceptible grapevine cultivars, causing the same type of cankers, has not yet been clarified. Leavitt (13) reported the existence of wedge-shaped cankers caused by B. rhodina on 5-year-old vines in the desert area of Coachella Valley in southern California. Four years later, when the vines were 9 years old, dead cordons were observed on most of the vines where cankers previously were reported. In the current study, Botryosphaeria spp. all were isolated from cankers with corresponding spur, cordon, or trunk dieback in grapevines 10 or more years old. However, we would expect a survey of vineyards younger than 10 years old also to reveal cankers induced by diverse species of Botryosphaeria.
Susceptibility of grapevine cultivars to some Botryosphaeria spp. has been reported in previous studies. For instance, B. dothidea has been shown to be a prevalent and destructive pathogen on muscadine grape (V. rotundifolia) in the southeast of the United States (17) . In the Bordeaux region of France, Sauvignon, Cabernet Sauvignon, and Cabernet Franc were the most susceptible cultivars to the disease known as black dead arm, caused by B. dothidea, B. obtusa, and B. stevensii, whereas cultivars such as Merlot and Sé-millon sustained much lower infection rates (12) . In the Australian grapeproduction area of the Hunter Valley, New South Wales, B. obtusa was the fungus most commonly isolated from dieback symptoms in cv. Sémillon. In contrast, results from this study have revealed that all surveyed cultivars were associated with Botryosphaeria spp. Both cultivar groups analyzed in this work, wine grapes and raisin-table grapes, had a similar incidence of infection by Botryosphaeria spp.
Botryosphaeria Ces. & De Not. constitutes a complex fungal genus with many taxonomic and nomenclatural problems. Because teleomorphs of Botryosphaeria spp. usually are not found in nature and are difficult to obtain in vitro under laboratory conditions, identification of Botryosphaeria spp. in previous studies has been based mainly on morphology of the anamorphs (4, 11, 25, 37) . In the present study, none of the teleomorphs of the seven Botryosphaeria spp. were found in any of the samples collected. Anamorph characteristics previously reported (13, 25) era on the basis of conidium coloration: Diplodia Fr. and Fusicoccum Corda (4, 37, 41, 45) . Although Botryodiplodia theobromae is known as the anamorph of Botryosphaeria rhodina, previous investigations (4, 41, 45) have suggested that, due to morphological similarities (pigmented, ornamented, and thick-walled conidia), this species should be included under Diplodia Fr. On the other hand, phylogenetic analysis based on β-tubulin gene sequences makes the separation of Botryosphaeria spp. between Diplodia and Fusicoccum unclear. The fact that B. dothidea formed a separate clade from the other species with Fusicoccum anamorphs indicates uncertainty about phylogenetic relationships within this group.
Our study showed considerable intraspecific variation in both DNA regions examined in both B. rhodina and B. stevensii, and it seems that isolates from California are representative of most of the variants found in a worldwide sampling of these species. The presence of isolates of B. rhodina and B. stevensii included in this study from different hosts as well as from different geographical locations (Table 3) could explain the variation in the DNA sequences between isolates from California and those from other parts of the world. However, the causes of the intraspecific variation observed between Cali- Fig. 7 . Most equally parsimonious tree with bootstrap value using 1,000 replicates generated in PAUP 4.0b10 using internal transcribed spacer (ITS)1, 5.8S rDNA region, ITS2, and beta-tubulin partial gene. Asterisks show Botryosphaeria spp. from Vitis vinifera. Anamorph of each Botryosphaeria sp. is shown.
fornia isolates of these species remain unclear. On the other hand, it is interesting to note that, although isolates of B. dothidea, B. lutea, and B. australis have many different geographic origins and a broad range of hosts, no intraspecific variation was observed. However, much more extensive sampling will be required to determine whether this lack of variation is truly representative of these species worldwide.
Radial growth rates and optimum temperatures obtained in this study for B. lutea, B. obtusa, B. parva, B. rhodina, and B. stevensii are generally in agreement with data from previous literature (11, 13, 20, 30) . However, B. lutea, B. parva, and B. stevensii grew at 35ºC in our temperature study, whereas Pennycook and Samuels (20) reported that B. lutea and B. parva failed to grow at this temperature, and Jacobs and Rehner (11) made a similar observation for B. stevensii. On the other hand, Sánchez et al. reported slow growth of B. stevensii isolates from oak at 35ºC (30) . The reasons for these discrepancies are unknown, but may simply reflect differences between the isolates studied. The high optimum temperature for B. dothidea isolates from California agrees with the data obtained by Jacobs and Rehner (11) . However, this result differs with the lower optimum temperatures recorded for B. dothidea, 26.1ºC, from the study conducted by Sánchez et al. (30) . Chromogenesis, previously reported by other researchers (13, 42) , was a characteristic observed in the B. rhodina isolates from California when grown at 35ºC for 2 weeks. The extremely rapid growth rates along with red coloration were useful characters in separating B. rhodina from the other species.
The preponderance of B. rhodina in the southern part of California, particularly in the desert area of Coachella Valley (Riverside County), and its nonappearance in the northern part of the state could be a consequence of climate differences. Similar results have been reported from a study recently conducted on grapevines in Western Australia, where B. rhodina was isolated only from the warmest area surveyed (37) . The geographical distribution of B. rhodina observed in this study agreed with the results obtained by Leavitt, in which B. rhodina was isolated mainly in the desert area of Coachella Valley and rarely (5% of the total B. rhodina isolates) from the northern and southern San Joaquin Valley (13) . It is widely known that B. rhodina is prevalent in areas with high temperatures, having a broad distribution over tropical and subtropical climates regions (26) . The temperatures of the desert production area average 6 to 9ºC higher than temperatures in the San Joaquin Valley.
A similar outcome was observed with B. lutea, which was found only in cankers in Temecula Valley (desert area), but there is insufficient information to explain why B. lutea was not isolated in other areas surveyed in California. The assumption that climatic conditions can influence the geographical distribution of Botryosphaeria spp. in California could be reinforced by the fact that B. australis, B. dothidea, and B. parva were found mainly in the northern part of the state. B. australis is a frequent pathogen of native and introduced hosts in the Southern Hemisphere, and may be native to Australia (33) . Ours is the first report of B. australis on grapevines in the Northern Hemisphere. The frequent recovery of B. obtusa and its presence in all grapevine regions in California are consistent with observations in Western Australia, where B. obtusa was the most common and cosmopolitan species isolated from grapevines (37) .
Other environmental factors, such as wind, rainfall, and humidity, along with different viticulture practices, may influence the statewide distribution of Botryosphaeria spp. Factors such as rain, wind, source of inocula, or cultivar susceptibility have been shown to be associated with geographical distribution of other grapevine pathogens, such as E. lata and P. viticola, in California (13, 18, 22) . However, the effects of these factors on Botryosphaeria spp. on grapevines in California have not yet been studied.
Pathogenicity of the seven Botryosphaeria spp. found in California has been well established on grapevine in other parts of the world, but their relative importance differs by country (12, 37, 41) . Studies designed to characterize the virulence of Botryosphaeria spp. on grapevine in California are now underway.
